Abstract-The role of report/recall bias in case-control studies of low birth weight (LBW) was investigated in women who gave birth at a tertiary hospital. Prenatal exposure information reported at the postpartum interview was compared with that documented during pregnancy in obstetric records. 169 cases of LBW and 198 controls were selected. The two sets of information on case mothers and control mothers were compared, using the medical record as a reference. Kappa values were estimated. No trend was observed to increase/decrease the sensitivity and specificity of recall. Agreement on alcohol use was very low (kappa = 0.11 for case mothers and 0.03 for control mothers): on obstetrical records, only 12 mothers of cases reported habitual alcohol intake at the first prenatal care visit, whereas in the interview 69 said yes to the same question; in control mothers, the figures were 4 and 89 respectively. Odds ratios (ORs) of exposure estimated from the two sets of data did not differ importantly in 8 variables. Interview data yielded ORs for hypertension (8.39 versus 4.63), anemia (0.44 versus 0.99) that were farther from the null, and ORs in the opposite direction for alcohol (0.83 versus 1.61) and any drug (0.64 versus 1.42). In conclusion, given that OR figures are similar for most variables and no trend is observed in sensitivity/specificity, mothers of normal births can be an adequate reference group, using personal interviews to obtain information on lifestyle, and medical records for conditions.
INTRODUCTION [4-lo]; whereas others have found evidence in
Retrospective studies of perinatal outcomes fresupport of its presence [1 l-141. quently rely on mothers' reports of exposures.
In case-control studies, it is difficult to assess However, differences between case and control reporting bias because of the absence of a mothers in their concern about prenatal exreference criterion against which to compare posure may affect the accuracy of exposure self-reported, retrospectively collected inforreporting, leading to recall/reporting bias [l-3] . mation [15] . Medical records could be used as a
Most studies examining recall/reporting bias reference: this source of information is useful have found little evidence for its existence because many hospital services now have precoded and computerized medical records which *All correspondence should be addressed to: M. Delgado-Case-control designs are commonly used to study the causes of low birth weight. If the child's illness acts as stimulus for parents to report events which otherwise could go unreported, this might increase the chance of identifying irrelevant variables as risk factors. We have found no previous report on recall bias in mothers of low-birth-weight infants versus mothers of normal infants. In this study prenatal exposure information reported at the postpartum interview was compared with that documented during pregnancy in obstetric records, in order to assess reporting accuracy for the two groups of mothers, and to evaluate the impact of the lack of accuracy on the observed odds ratios. POPULATION 
AND METHODS
The sample was selected from the women seen at the University of Granada Hospital from January 1991 to January 1993. The University of Granada Hospital is an 800-bed tertiary center with a referral population of 400,OO people (the south of the province of Granada, southern Spain). This non-profit institution forms part of the Andalusian Health Service.
Eligibility criteria for cases were: to deliver a singleton live newborn with low birth weight (LBW < 2500 g) [17] , and to have initiated prenatal care before week 20 of pregnancy. The criteria for inclusion in the sample were that women received prenatal care at the hospital or at the primary care centers referring the patients to the hospital. A total of 241 cases of LBW were identified, 169 of whom fulfilled the inclusion criteria. All of the mothers of cases agreed to participate in the study.
Given the estimated LBW rate ( z 4%) at the hospital for previous years, a random sample of 300 live newborns was drawn to yield an (a priori) approximate 1 : 1 case: control ratio. Controls were selected simultaneously to cases (12 controls a month). To be eligible as a control, mothers should have delivered a >, 2500 g singleton newborn. Preterm deliveries and malformed babies were excluded. Of the 300 women identified as eligible, 102 were excluded: 35 due preterm delivery and/or congenital malformation, 27 received prenatal care in other centers, 30 had not received prenatal care and 10 because of physician and subject refusals and minor sampling errors. The final sample consisted of 198 women.
Subjects were interviewed by one experienced female interviewer. She was unaware of the aims of the project other than that women's birth experiences were being surveyed, and had no involvement with selection procedures or knowledge of the medical records of any of the women. All the interviews were conducted at the hospital, usually within the first 48 hours after delivery. Only those items which were also recorded in medical records will be examined in this paper. Two physicians (students of the residency program in Preventive Medicine and Public Health at the University of Granada) abstracted medical data from hospital records. They were trained in a glossary of terms and abbreviations and were ((blind)) as to the women's report in the persona1 interview. Agreement between the two abstracters was checked in a pilot study on 20 medical records, yielding an overall agreement of 90% or higher on all the items of the questionnaire.
The questionnaire was designed with closed-ended and specific questions in accordance with recommendations to increase recall of drug use during pregnancy [ 181. Over-the-counter medications were not included in "any medications" as all the participants denied buying and/or consuming them. Prenatal iron was considered as an antianemic medication because by the time of the study it was not routinely given during pregnancy.
Kappa To examine the impact of recall errors on measures of association, we compared associations calculated with data collected in maternal interviews to the same associations calculated from obstetrical records. An unconditional logistic regression was used to estimate the odds ratios with both interview and medical record data. All estimations were adjusted for mother's age ( < 20, 21-35, > 35 years), marital status (married, others), education (four levels), and socioeconomic status (four levels). The ratio of the odds ratios (ROR) was applied to compare the two odds ratios obtained for each variable. The ROR was defined as the odds ratio derived from interview data divided by the odds ratio estimated from obstetrical record data. To assess whether the difference between the two odds ratios obtained for each variable was statistically significant the x statistic described by Schlesselman was applied [23]. Table 1 summarizes the characteristics of the study population. There were statistically significant differences for the proportion of unmar- ried parents (higher in cases), social class (lower in controls), unplanned, pregnancy (higher in cases), and a certain tendency toward a better education among case mothers (p = 0.08). Mothers were similar in age in both groups: 28.0 f 5.5 (cases) versus 27.9 + 5.2 (controls). The number of prenatal visits was 6.1 f 2.5 for case mothers and 7.5 f 2.1 for control mothers (p < 0.001). An analysis of covariance of these results, adjusting for duration of pregnancy, revealed no significant differences between the number of prenatal care visits by case mothers and control mothers (6.3 versus 6.5 visits).
RESULTS
As shown in Table 2 , there was no uniform trend for case mothers to report events more completely than control mothers. Mothers of cases reported the use of medications during pregnancy less accurately, although the magnitude of the difference was small. The greatest observed differences were in recalling hypertension and alcohol consumption during pregnancy: recall was poorer in control mothers. However, the number of exposed control mothers was small. Five variables (antinauseants, antibiotics, genitourinary infection, anemia and smoking)
were within 3% of each other.
The results were similar for the specificity of recall (Table 3 ). For 5 of the 10 study variables, the case-control difference in specificity was negative. However, it should be pointed out that the greatest differences were positive, including two statistically significant differences (for the use of antianemic medications and anemia). Five variables (antinauseants, antibiotics, genitourinary infection, hypertension, and uterine bleeding) were within 3.3% of each other. When sensitivity and specificity were analyzed together, for three variables (antinauseant, antibiotics, and genitourinary infection), recall was similar by case and control mothers.
The choice of the medical record as a reference could be controversial. Agreement measured by K is shown in Table 4 . In general, agreement was good to excellent for both cases and controls, except for three variables: alcohol consumption, anemia, and use of any medication during pregnancy. With the exception of antianemic medications, agreement for other medications was better in the mothers of controls. The opposite was found with diseases during pregnancy: except for uterine bleeding better agreement was achieved by case mothers. There were two statistically significant differences: for hypertension and anemia. The poorest agreement was obtained for alcohol consumption during pregnancy, with close-tothe-null figures; agreement was especially low in control mothers. It is interesting to note that on obstetrical records, only 12 mothers of cases reported habitual alcohol intake (1 or more drinks per week) at the first prenatal care visit, whereas in the interview 69 said yes to the same question. In control mothers, the figures were 4 and 89 respectively.
The women were asked when they first went to the hospital/primary care center. As shown in Table 5 , both case and control mothers had a significant tendency to report their first visit earlier in pregnancy than it really occurred. As regards nutrition during pregnancy, recall of weight gain was examined (Table 5) . A tendency to recall a lower weight gain was appreciated in both mothers of cases and mothers of controls; this tendency reached statistical significance in the latter group.
Finally, we evaluated the effect of casecontrol differences in accuracy on associations with LBW (Table 6 ). The only trend observed was that the two odds ratios were usually in the same direction (10 variables out of 12). For five variables (use of antianemic medication, antinauseant, hypertension, anemia, and smoking), odds ratio figures were farther from the null; for the other five (antibiotics, uterine bleeding, genitourinary infection, time of first visit, and weight gain), the association was weaker. In the remaining two (use of any medication and alcohol consumption during pregnancy), a change in the direction of the association occurred. Regarding the magnitude of the difference, the two odds ratios were within 20% of each other for eight variables. For the remaining four (hypertension, anemia, any drug, and alcohol) the differences in odds ratio figures ranged between 48 and 81%. 
DISCUSSION
We compared information from two sources: (a) health records completed by physicians and nurses; and (b) information collected by a trained interviewer shortly after delivery. The design of our study was adequate for the present purpose, because information from the interview and the obstetrical record were obtained independently, and the sample was representative of our referral population. We assumed that the abstracting and coding process were without error, or at least that the error was randomly distributed. Hewson and Bennett [24] reported errors and omissions in the medical records: a 3% abstraction error rate was found, and a 30% rate of discrepancy between medical record data and women's reports was due to abstraction errors. However, these authors analyzed only variables related to delivery and outcome of the newborn, thus their results are not directly comparable with ours. Demlo et al.
[25] found a 2l-27% error rate in medical records, and concluded that medical records, although incomplete, are unbiased when exposure data are recorded independently of outcome.
Errors in abstracting and coding perinatal data from medical files have been reported to be very low when trained personnel are used [24] . It is also assumed that if misclassification is present in the medical record, it is nondifferen- tial [5] . Information was written on the obstetrical chart before the outcome was known (normal birth versus LBW), so it is unlikely to influence medical recording. Given that mothers of cases went for fewer prenatal care visits than mothers of controls, it could be argued that this increased the likelihood that events would be noted in the medical record. This could give rise to differential misclassification bias. Low birth weight is associated with shorter pregnancy (preterm delivery), which implies less time to attend prenatal care. As noted previously, no differences were observed in the number of prenatal care visits after adjusting for the duration of pregnancy. Thus, it is unlikely that better surveillance of one group could account for the results. For some variables, evaluation of sensitivity and specificity may be controversial because it is not possible to determine whether information in the record or from the questionnaire was correct. Medical records during pregnancy should provide more accurate information about medical problems or medications and interviews about lifestyle variables. Records kept by health care systems are often insufficient, and their coverage and validity are uncertain for epidemiological research purposes [25-271. The reporting of socially undesirable exposures (e.g. smoking and alcohol use during pregnancy) may be reduced [2] . Previous studies have noted that the validity of reports of alcohol and smoking in pregnant women is about 80 and 60% respectively; these figures are lower when the outcome of pregnancy is adverse [28]. In our study, self-reporting of alcohol consumption during pregnancy was much more frequent in the postpartum interview than during prenatal medical examinations. Several facts can account for this result. Firstly, emotional states can bias recall [29] . In our setting, alcohol use by women is frowned upon, and this may have led to underreporting of alcohol consumption. Secondly, there were differences between the interview after delivery and interviews with physicians during prenatal care. The postpartum interview was conducted by a woman trained in asking questions about alcohol consumption and other social behaviors, whereas most physicians are male, and may have opted not to ask potentially embarrassing questions. It is easier for a woman in our Mediterranean culture to talk freely about her lifestyle to another woman than to a man. This would imply that future epidemiologic research on the association between lifestyle and LBW should rely on personal interviews and not on medical records.
Overall, mothers of cases show no trend to overreport or underreport versus control mothers. Sensitivity or recall was not generally increased in cases. Several studies of recall/ reporting bias have found little evidence for bias [&lo] , whereas other studies found evidence in support of its presence. Neutra et al. [l 1] analyzed the possibility that recall bias was responsible for the association between tapwater (possibly polluted by solvents) and spontaneous abortion. These authors reported direct evidence that controls tended to forget how much water they drank when compared to cases, and the association was stronger in those study populations most likely to have been affected by publicity.
With regard to drug use during pregnancy, Werler et al. [13] , in a case-control study of congenital malformations, reported that sensitivity of exposure reporting was 20% higher in case mothers than in control mothers for antibiotic use. In our study, sensitivity of exposure reporting for antibiotics was similar for cases and controls. Klemetti and Saxen [6] found an overall agreement of 17-26% for drug use in the first half of pregnancy. In the review by Harlow and Linet [30] , overall agreement of drug use recall was usually below 85%, with kappa values less than 0.60. However, Tilley et al. [9] , in their study of a 10-30 year recall period for drug use during pregnancy, reported an overall agreement of 9697% for conjugated estrogens and 8246% for progestin; however, kappa values were in most cases below 0.50. Our results show better overall agreements and kappa values.
With regard to conditions experienced during pregnancy, several researchers have reported unreliable recall in variables related to those reported here, such as nonchronic diseases of early pregnancy [6] and spontaneous abortion [31] . Unfortunately they did not assess bias in mothers of newborns with birth conditions. Werler et al. [13] reported that sensitivity of exposure reporting was 170 and 20% higher in case mothers than in control mothers for urinary tract infection and spotting/bleeding, respectively. In our study, sensitivity of exposure reporting for genitourinary infections was similar for cases and controls, whereas sensitivity for reporting uterine bleeding was 8% higher for controls. For hypertension, Paganini-Hill and Ross [lo] reported an overall agreement of 90% (lower than our figure), and a kappa value of 0.78, higher than that found in our cases, 0.71.
As others have found [5] , the results of specificity and sensitivity suggest that recall is not enhanced/decreased uniformly across the variables studied.
It has been often hypothesized that case mothers, motivated by the need to find a cause for their child's birth condition are more likely to report exposure than mothers of normal newborns, leading to higher sensitivity and lower specificity. We found this to be the case only for tobacco smoking and hypertension. This differential overreporting may overestimate the relative risk when the variable analyzed is a risk factor (odds ratio > 1) [15] , as happened with tobacco and hypertension, whereas the opposite occurs when the exposure is a protective factor, biasing the estimate towards the null [3] . However, for all the variables yielding an odds ratio lower-than-unity with medical record data, the odds ratios obtained with interview data were farther from the null. The towards-the-null bias due to lack of specificity did not counterbalance the effect of the away-from-the-null bias produced by enhanced recall [32] . This would suggest that the research of associations between medical conditions and LBW should rely upon medical records instead interviews.
The associations with LBW show that the magnitude of the change in odds ratio produced by the differences in sensitivity/specificity of recall is usually small (less than 20%), and that the two odds ratios are in the same direction. One important exception is alcohol consumption during pregnancy. According to the odds ratio obtained with information from obstetrical records alcohol can be considered a moderate risk factor; on the other hand, if data from interview after delivery are taken into account, alcohol would be labelled as a moderate protective variable. This suggests that different ways of obtaining information yield different results, and offers a plausible explanation for the lack of consistency found between several recent reports of the association between prematurity and moderate alcohol use during pregnancy: a protective relationship [33, 34] , an increased risk of prematurity in moderate alcohol drinkers [35, 361, and no effect [3740] . Given that underreporting of alcohol does routinely exist in obstetrical records, we believe epidemiologic research looking for associations between alcoho1 consumption and LBW should be carried out using information from personal interviews.
According to the odds ratio obtained from interview data, anemia is a clear protective factor for LBW, whereas a close-to-the-null figure was estimated from medical data. This is an important deviation. Although some study has found that anemia does not increase the risk of LBW [41] , it is currently considered a risk factor [42] .
The difference between the associations with LBW and information from the postpartum interview data or data from the medical record cannot be due to education, age, or social class, because these variables were adjusted for by logistic regression. This was done because several studies have shown that agreement is influenced by various demographic characteristics. Huttly et al. [14] , in a prospective cohort study, reported that richer/better educated women tended to overestimate the duration of breast feeding. Other authors have found that agreement between information provided at home and that obtained at a medical examination 6 months later (a time period similar to that between the first prenatal care visit and the interview after delivery) changes with age (improving positive agreement) and with education (improving negative agreement) [43] .
In conclusion, we found evidence for differential reporting in mothers of LBW newborns as compared to mothers of controls. However, no trend was observed: mothers of cases enhanced recall for some factor, but showed weaker recall for other variables. Furthermore, apart from alcohol use, anemia, hypertension, and any medication the impact of differential recall on the associations with low birth weight was small. Although several authors have recommended that criteria to select controls should include a stimulus similar to recall [13], our results suggest that mothers of normal newborns can be an adequate reference group [44], using personal interviews to obtain information on lifestyle, and medical records for conditions.
